The aim of this study was to report the outcome following primary fixation or a staged protocol for type C fractures of the tibial plafond.
Complex AO type 43C fractures of the tibial plafond are uncommon injuries that can be difficult to manage. 1 This is due to the complex nature of the fracture and the associated softtissue damage, which is often significant. 2 Following Ruedi and Allgöwer's paper 3 that reported low complication rates and good midterm results, there was an initial enthusiasm for early open reduction and internal fixation (ORIF) of these fractures. However, this enthusiasm was tempered by subsequent case series that reported wound problems, high rates of infection and osteomyelitis. [4] [5] [6] [7] [8] The optimal management of these fractures remains controversial with many advocating the staged protocol that employs primary external fixation, a delay of typically one to two weeks to allow for the soft-tissue swelling to diminish, followed by ORIF. 9 In contrast, there are few reports supporting early primary ORIF using contemporary techniques. 10 A recent meta-analysis comparing these two strategies found no difference in the incidence of any of the post-operative complications that were analysed. 11 It is acknowledged that further data are needed regarding the management and outcome of these complex injuries.
The primary aim of this study was to document the short-term outcome and incidence of infection, following either primary ORIF or the staged protocol for the management of complex AO type 43C fractures of the tibial plafond. The secondary outcomes were longterm complications and patient reported outcome measures (PROMs).
Patients and Methods
A retrospective review of our prospectively collected trauma database was performed to identify all skeletally mature patients (≥ 15 years of age) with a complex intra-articular fracture of the distal tibial plafond (AO type 43C). 12, 13 Over an 11-year period (February 2003 to June 2013), 119 patients were identified. After excluding those with incomplete data, follow-up of less than three months and those lost to follow-up as they were from outside our local catchment area, a total of 102 fractures in 99 patients were included in the study. There were 71 patients in whom postoperative radiographs were available and 53 who were contactable for the long-term patient reported outcome.
Demographic data including age, gender, mechanism of injury, and medical comorbidities were recorded from the database and medical records. High energy injuries were defined as a fall from height > 2 m, a motor vehicle collision (MVC) and sports injury. Polytrauma cases were defined as those with greater than or equal to two fractures affecting multiple sites. Open fractures were graded using the Gustilo and Anderson classification. 12 This was done through a combination of the classification according to the treating surgeon, the description of the wound in the operation note and the subsequent management of the wound following definitive fracture fixation.
The classification of the fracture and associated injuries was determined through medical records and radiographic review where possible. 13, 14 Radiographs were reviewed where available (n = 71, 70%) to confirm the classification of the fracture. All fractures were initially assessed using standard anteroposterior, mortise and lateral radiographs of the affected ankle. Further imaging, including CT, was performed at the discretion of the treating surgeon.
The mean age of the 99 patients was 42 years (16 to 86) and 77 were male. There was no significant difference in the age of females (mean 41 years; 16 to 86; standard deviation (SD), 17) and males (mean 42 years; 17 to 77; SD, 14) (p = 0.89). Multiple comorbidities were documented in 45 patients (45.5%) with 49 smokers (49.5%) and 39 with a background of alcohol abuse (39.4%). High-energy injuries accounted for 85 fractures (83.3%), with a fall from height > 2 m (n = 70, 68.6%), MVC (n = 10, 9.8%) and sports injuries (n = 7, 6.9%) being the most common. A total of 24 patients (23.5%) were defined as a polytrauma and 14 fractures (13.7%) were open; six grade 1, three grade 2, three grade 3A and two grade 3B. Management. A total of nine orthopaedic surgeons were involved in the assessment and management of these patients. The surgical strategy and post-operative protocol was determined by the treating surgeon. On admission, all patients were managed according to standard trauma resuscitation protocols. Open fractures were routinely managed within eight hours of presentation using a standard technique for debridement and assessment of soft-tissue cover. All patients received intravenous antibiotics preoperatively and this continued until definitive wound cover was achieved for those with an open fracture.
Our protocol for ORIF was consistent throughout. The fibula was routinely stabilised, with either a one-third semitubular plate or with a fibular nail (Fig. 1) . Lateral fibular incisions were placed a minimum of 6 cm away from any other incisions, and were avoided completely when a fibular nail was used. In one patient (68 years) the fracture had such extensive comminution, a dynamic compression plate (DCP) was used to definitively fix the fibular. The surgical approach to the distal tibia was determined by the pattern of the fracture. An anterolateral (extensor digitorum communis and peroneus tertius) or anteromedial (tibialis anterior) approach was most commonly employed. An additional posterolateral approach was required in the management of two fractures (mean age 40 years, 37 to 43). Sufficient dissection was performed to allow anatomical reduction of the fracture but without excessive softtissue stripping. A purely percutaneous technique was not used in any of the cases. The fragments were reduced and held with lag screws, and an anteromedial or anterolateral plate was used in a bridging or buttress mode. Initial plates were of the cloverleaf type, and more recently precontoured (non-locked and locked) plates were used.
Post-operatively, patients were routinely immobilised in a below-knee plaster cast. Wounds were reviewed at two weeks, or when indicated, and patients were advised to remain non-weight-bearing for six to 12 weeks. Postoperative physiotherapy was used at the discretion of the surgeon. It is not routine at our institution to remove metalwork unless clinically indicated.
A total of 73 fractures (71.6%) underwent primary ORIF, 20 (19.6%) primary external fixation and delayed ORIF, six (5.9%) underwent primary ORIF and external fixation, and three (2.9%) primary fusion (Table I) . Age and mechanism of injury were not statistically different between the methods of fixation (Table I) . Comorbidities were highest in the patients who underwent primary ORIF and external fixation and in those who underwent primary fusion (p = 0.014). Overall, the median time to definitive surgery was two days (interquartile range (IQR), 1 to 5). The median time to surgery in those who underwent primary ORIF was one day (IQR, 1 to 2.5), and in those that underwent delayed ORIF seven days (IQR, 5 to 11; p < 0.001). Of the fractures managed by primary ORIF, 39 (53%) had surgery within 24 hours, 55 (75%) within 48 hours and 63 (86%) within 72 hours. Of the 14 open fractures, eight were managed with primary early ORIF, four with primary external fixation and delayed ORIF, one with primary ORIF and external fixation, and one with a primary fusion (p = 0.541). All fractures were operated on under the direct supervision of the treating consultant surgeon. For 86 fractures (84.3%) the consultant was the primary surgeon, with a trauma fellow or senior trainee the primary surgeon in the remaining 16 (15.7%).
Of the three patients who underwent primary fusion, two were treated with a hindfoot nail and one with an anterior plate. A hindfoot nail was used in an 86-year-old woman with polymyalgia rheumatica, long-term steroids, a pre-existing hindfoot deformity with significant comminution and bone loss at the fracture site, and in a 75-year-old woman with a Grade 2 open comminuted fracture with bone loss at the fracture site. An anterior plate was used in a 28 year old woman with significant soft-tissue damage and severe comminution that could not be reconstructed. Short-term outcome. The primary outcome measure was the development of an early complication, in particular, wound dehiscence and infection. A minimum follow-up of three months ensured that all the early complications of surgery were recorded. All follow-up assessment is performed at our institution, which is the only provider of orthopaedic trauma care for the region.
Removal of metalwork and subsequent surgery for infection and/or nonunion was performed at the discretion of the treating surgeon. We used the standardised Centre for Disease Control definitions of surgical site infections. 15 Deep wound infection was defined as an infection associated with wound breakdown that required surgery. A wound infection was considered superficial if there was no evidence of deep infection and was successfully managed conservatively with antibiotics. A pin site infection was considered to be superficial unless it led to a deep infection. The reduction of the fracture was graded from the radiographs as described by Burwell and Charnley 16 as anatomical, fair or poor. Long-term outcome. Long-term outcome was assessed by means of a telephone and questionnaire review. We used two lower limb-specific validated PROMs -the Foot and Ankle Outcome Score (FAOS) 17 and the Foot and Ankle Disability Index (FADI). 18 The FAOS consists of 42 questions marked on a five-point scale and divided into five sections: pain, symptoms, activities of daily living, sports and quality of life. The total score is from 0 to 100, with 100 representing no symptoms. The FADI is a 26-item questionnaire containing four pain-related questions and 22 activity-related questions. Each question is scored on a five point scale, with a total score of 0 to 100 possible, with 100 representing no symptoms or dysfunction.
Patients were asked whether they had undergone further surgery to the ankle. Other secondary outcome measures included pain, stiffness, swelling and satisfaction. Pain was categorised both on a categorical scale (none, mild, moderate or severe), and as a continuous variable 0 to 10 (ten being worst). Stiffness and swelling were recorded as a dichotomous response (yes or no). Satisfaction was assessed as either yes or no and on a scale of 0 to 10 (ten being completely satisfied). All patients were asked when after the injury they returned to work and sports and whether they had changed their occupation due to their injury. Statistical analysis. A Student's unpaired t-test was used to analyse parametric continuous data. The Mann-Whitney U test was used to compare nonparametric continuous data.
A one-way analysis of variance was used to compare parametric continuous data in several categories, with the Kruskal-Wallis test being used for nonparametric data. Categorical binary data were analysed using either the chisquare test (all observed frequencies in each cell > 5) or the Fisher's exact test (one cell had an observed frequency of ≤ 5). Two-tailed p-values were reported and statistical significance was set at p < 0.05. Odds ratios (OR) are reported in conjunction with 95% confidence intervals (CIs) for risk factors.
Results
Short-term outcome. A total of 36 complications were recorded in 28 patients (27.5%) at a mean of 21 months (3 to 93) following injury (Table II) . There were 18 infections (17.6%), with deep infection in nine patients (8.8%) and a superficial wound infection in nine (8.8%). No patient had skin necrosis between two incisions. A total of nine fractures (8.8%) went onto a nonunion; five were infected nonunions. Other complications included loss of reduction (n = 6, 5.9%), acute compartment syndrome (n = 1, 1%), complex regional pain syndrome (CRPS) (n = 1, 1%) and deep peroneal nerve neuropraxia (n = 1, 1%). One or more subsequent procedures were undertaken in 41 patients (40.2%); 30 (29.4%) were removal of metalwork. In all, three patients who underwent removal of metalwork also underwent simultaneous debridement of an associated chronic deep infection. A total of three patients with a deep infection had a debridement: two underwent delayed primary closure and one wound was eventually closed with the aid of a vacuum dressing. In total two patients, one with loss of reduction and broken metalwork and one with loss of reduction and nonunion, eventually underwent fusion. In all, two with nonunion had revision ORIF with bone grafting. Both patients with a Grade 3B open fracture required further surgery for definitive plastic surgical soft-tissue cover. No patient required amputation. Of the 71 patients in whom post-operative radiographs were available for review, 58 fractures (81.7%) had an anatomical reduction, 12 (17.0%) had a fair reduction and one (1.3%) had a poor reduction. Risk factors for infection. Risk factors for developing infection were multiple comorbidities (38% versus 72%, p = 0.008; OR 4.2, 95% CI 1.4 to 13), an open fracture (9.5% versus 33%, p = 0.008; OR 4.8, 95% CI 1.4 to 16), and primary external fixation with delayed ORIF (p = 0.023; OR 3.5, 95% CI 1.1 to 10), which had an overall rate of infection of 35% compared with 13% for the other techniques. There was no difference in the time to definitive surgery for those patients who developed an infection (p = 0.425; median 2.5 days, IQR 1 to 6 versus 2 days, IQR 1 to 4). Risk factors for developing a deep infection were multiple comorbidities (41% versus 78%, p = 0.041; OR 5.1, 95% CI 1.0 to 25) and an open fracture (10.8% versus 44.4%, p = 0.019; OR 6.6, 95% CI 1.5 to 29). Long-term outcome. A total of 88 patients (86%) were available for long-term review. Four patients had died, whilst the remainder had been lost to follow-up. Of the 88 patients available, 53 (60%) responded. The mean age was 52 years (24 to 91; SD, 16) and 39 (74%) were male. The mean follow-up was six years (0.3 to 13; SD 3.1). The mean FAOS score was 76 (0 to 100; SD 20) and the mean FADI score was 76 (0 to 100; SD 23). A total of 38 patients (72%) were satisfied and the median satisfaction was a score of 
Discussion
This is the largest series in the literature documenting both short-and long-term outcome following fixation of complex AO type C tibial pilon fractures. Despite the severity of these injuries, we have reported a satisfactory outcome using early primary ORIF in most patients. The risk factors that we identified for developing a post-operative infection were the presence of multiple comorbidities and an open fracture. The use of a staged protocol of primary external fixation with delayed ORIF was also associated with a higher rate of overall infection. The rates of wound infection are comparable with other series advocating both early primary ORIF and the staged protocol (Table II) . Due to the severity of these injuries, the rate of pain and stiffness in the mid-to long-term is high and the median time to return to work is six months. However, almost three quarters of patients (72%) were satisfied, with few requiring a subsequent fusion of the ankle for persistent pain. The optimal treatment of these complex injuries remains controversial with advocates for early ORIF, 9 the staged protocol, 10 as well as definitive treatment with a circular external fixator e.g. Ilizarov frame. 19, 20 A recent meta-analysis of nine studies comparing ORIF with limited internal fixation plus external fixation found no significant difference in the rate of healing, nonunion, malunion or delayed union, superficial or deep infection, post-traumatic arthritis or chronic osteomyelitis. 11 Rüedi and Allgöwer 3 reported the results for 84 patients at a mean follow-up of four years. A total of 62 patients (74%) were pain-free with a good functional outcome. The rate of complications involving the wound was 12%, with deep infection in 5%. Subsequent case series have documented high rates of wound problems, deep infection and osteomyelitis. [4] [5] [6] [7] [8] 21, 22 However, in many of these series, the fractures were not adequately stabilised and in some patients, stability was not achieved at all. In several papers, the surgery was performed within a period of three to five days after the injury, when soft-tissue swelling is often at its greatest.
Good results have subsequently been reported in the literature, 9, 22, 23 with the use of a staged protocol. Patterson and Cole 23 reported the results of 22 AO type C3 pilon fractures. Surgery involved primary ORIF of the fibula, a temporary spanning external fixator followed by definitive ORIF at a mean of three weeks following injury. At a mean follow-up of two years, 21 fractures had united and good results were reported for 17 (77%), and poor results for two (9%). No wound infections or soft-tissue complications were reported. Sirkin et al 9 reported good results using a staged protocol of initial external fixation followed by delayed ORIF once the condition of the soft tissues had improved. In 56 type C pilon fractures with 48 undergoing follow-up, they reported an overall rate of deep infection of 6.3% (n = 3/48), with a rate of 3.4% (n = 1/29) in closed fractures and 10.5% (n = 2/19) in open fractures.
More recently, favourable and comparable results have been reported for primary ORIF when the expertise and facilities are available, with results in both the short-and long-term consistent with our series (Table II) . White et al 10 reported the results of 95 type C pilon fractures managed with early ORIF. The overall rate of deep infection was 6.3% (n = 6), with a rate of 2.7% (n = 2/74) for closed fractures and 19% (n = 4/21) for open fractures. As with our findings, risk factors for complications were the presence of comorbidities, including alcohol abuse, mental illness, diabetes and peripheral neuropathy. White et al 10 also documented the patient reported outcome at a median of five years following injury and found a mean pain score of 2 (4 in this series) and an overall satisfaction score of 6 (7 in this series). Only 9% of patients were pain-free (21% in this series) and 72% had some form of persistent swelling (70% in our series).
Tang et al 24 compared the outcome of 46 patients with closed type C pilon fractures who were managed with either early or delayed ORIF (with or without external fixation). At a mean of just over two years following injury, there was no significant difference between the groups with regards soft-tissue complications, the rate of union of the fracture or the functional outcome. However, the early ORIF group had a shorter stay in hospital and a significantly shorter time to union.
Three patients in our series underwent primary fusion due to the comminution of the fracture, associated softtissue injury or pre-existing co-morbidities. There are several recent small case series reporting satisfactory results using this technique. [25] [26] [27] [28] Zelle et al 25 reported the outcome at a minimum of two years following surgery in 17 patients with AO-OTA type C2/C3 pilon fractures that were deemed to be unreconstructable and reported no wound infection or dehiscence. One patient had an aseptic nonunion that was successfully managed with revision surgery.
The primary limitation of our study is the retrospective design with a number of treating surgeons, although this has allowed us to obtain a large number of these injuries and we have employed recognised inclusion and exclusion criteria. Selection and assessor bias is possible, but our generic protocol for managing these injuries was largely adhered to. We acknowledge that the requirement for a frame and delayed fixation due to the soft-tissue injury and/ or fracture complexity is subjective, and it could be argued that the more complex soft-tissue injuries were managed with a frame, thus explaining the higher infection rate we have reported using this technique. However, more open fractures were managed with early ORIF than with the delayed fixation technique in our series. Retrospective casenote review to define superficial infection is subjective and prone to bias, although we have used strict criteria to define this.
Post-operatively, all patients were reviewed at a minimum of three months to identify early wound complications or infection. It is possible that patients could have attended another institution for treatment and management of any complications. However, we are the only adult orthopedic trauma service for the region and most patients were still registered at our institution and so we believe we would identify all complications. The number of radiographs available was 70%, which is reasonable given our institution's policy of culling hard-copy radiographs older than five years when the patient is not under regular clinical assessment.
In conclusion, we have reported a satisfactory outcome using primary ORIF for complex AO type C pilon fractures. We have documented rates of deep infection that are comparable to previous series describing early primary ORIF and to series advocating a staged protocol, with longer term PROMs comparable to those in the limited available literature. We suggest that primary ORIF is an acceptable technique for most AO type C pilon fractures where the facilities and expertise are available. However, we acknowledge that where this is not the case and for some of the most severe injuries, a staged protocol may remain the safest form of treatment.
Take home message:
Primary ORIF is an acceptable technique for the majority of AO type C pilon fractures, but when the facilities and expertise are not readily available and for some of the more severe injuries, a staged protocol may remain the safest and preferred treatment. No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
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